We assessed geographic patterns of abundance of the isopod Excirolana braziliensis across its whole distribution range in the context of the abundant centre hypothesis (ACH). We also evaluated auxiliary hypotheses to the ACH involving habitat availability and suitability. We compiled species abundance and occurrence information on 139 Pacific and Atlantic sandy beaches of the Americas. Abundance patterns were contrasted against 5 hypo thetical distribution models. Habitat availability (sandy beach along the coast), and the role played by grain size on isopod abundance were analysed. Maximum entropy niche modelling based on primary production, salinity, water temperature and tidal range data was used to estimate trends in habitat suitability. E. braziliensis abundance peaked at the 2 edges of its range on the Atlantic coast and towards the centre of its range on the Pacific coast. Congruently, the niche model predicted very low habitat suitability at the centre of the species' range on the Atlantic coast. Primary production was the main contribution to the model (74.8%). The highest abundances were found in fine sediments (0.20 mm). Support for the ACH for E. braziliensis was found only for the Pacific coast, whereas habitat suitability and availability together with local in-beach morphodynamics accounted for deviations from ACH predictions in the Atlantic. The highest abundances registered in upwelling areas and on beaches with fine sands highlight the primary role played by regional and local conditions over geographic location.
INTRODUCTION
The abundant centre hypothesis (ACH) provides a mechanistic explanation for geographic trends in species abundance (Brown 1984) . The ACH states that species abundance is highest in the centre of the range and decreases towards the limits in response to spatial trends in physiological (e.g. thermal) and ecological (e.g. biological interactions) performance (Brown 1984 , Sagarin & Gaines 2002b . However, species exhibit variable distribution patterns across their geographic ranges (Sagarin & Gaines 2002a) . Among 34 species studied in coastal ecosystems, only 8 showed normal or inverse quadratic models of abundance as predicted by the ACH (Sagarin & Gaines 2002b , Samis & Eckert 2007 , Tuya et al. 2008 , Rivadeneira et al. 2010 , Fenberg & Rivadeneira 2011 , Tam & Scrosati 2011 , Baldanzi et al. 2013 ). This contradictory support for the ACH might reflect the occurrence of optimal conditions for peak abundance near species limits (ramped models, 13 species). However, for some species (13), no patterns were found, although some patterns may have been masked by a peak and tail pattern (McGill & Collins 2003) . The failure of auxiliary hypotheses related to habitat availability (Samis & Eckert 2007) or life history traits (Rivadeneira et al. 2010 ) could also explain deviations from the predictions of the ACH (Brown 1984 , Martínez-Meyer et al. 2013 . Indeed, discontinuous distributions associated with environmental conditions and species interactions have been reported elsewhere (Sagarin et al. 2006 
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Sandy beaches present an ideal system for assessing geographical patterns in abundance because they are essentially 1-dimensional (i.e. < 0.1 km wide at all points) (Sagarin et al. 2006) . The morphodynamic environment of benthic macrofauna is characterized by interactions among tidal regimes, wave conditions and sediment types (Defeo & McLachlan 2005) , which typically account for the spatial variation in abundance of sandy beach species at different scales (Baldanzi et al. 2013 ). However, identification of large-scale distribution patterns is often limited by the restricted spatial coverage of most studies, partial samplings and use of different methods (Defeo & McLachlan 2005) .
The cirolanid isopod Excirolana braziliensis is an excellent candidate for addressing biogeographic distribution patterns. In America, there are 8 species of the genus Excirolana that range from Canada to Chile in the Pacific and from the USA to Argentina in the Atlantic. Among them, E. braziliensis has the widest distribution on both sides of tropical and subtropical America, inhabiting micro-and macro-tidal beaches with fine and coarse sands from the Gulf of California to southern Chile in the Pacific and from the Gulf of Mexico to Uruguay in the Atlantic. Populations are largely isolated because the species' ovoviviparous mode of development limits its dispersal (Weinberg & Starczak 1988 ). In addition, E. braziliensis has been sampled with similar methodologies in several studies over most of its distribution in the 2 oceans.
Sandy beach ecosystems are facing escalating anthropogenic pressures, and this isopod has been used as bioindicator regarding ecosystem health (Betz et al. 1982 , Veloso et al. 2011 , Vieira et al. 2012 , and also to assess the role played by natural impacts (e.g. tsunamis; Jaramillo et al. 2012) . Lastly, E. braziliensis plays an important role in sandy beach food webs as a primary consumer (Lercari et al. 2010) .
We investigated variation in E. braziliensis abundance across its geographic range on Atlantic and Pacific sandy beaches of the Americas, encompassing 4 and 3 biogeographic provinces, respectively. Our goals were to assess latitudinal patterns in abundance and to evaluate the roles of habitat suitability, habitat availability and beach morphodynamics in shaping the species' occurrence and abundance.
MATERIALS AND METHODS
The methodological approach can be summarized as follows: we first analysed abundance data of Excirolana braziliensis and tested the ACH. Then, a predictive species distribution model (PSDM) was developed for each ocean, considering the role of habitat suitability on distribution patterns. The PSDM took into account the roles of primary production, tidal range, salinity and water temperature as predictors of isopod distribution. The role played by habitat availability in geographic trends of abundance was analysed by assessing the proportion of sandy beach habitat throughout the geographic range of the species. Finally, we analysed the role played by grain size, a widely used proxy for beach morphodynamics (Defeo & McLachlan 2005) .
Species
Cirolanid isopods are conspicuous members of sandy beaches around the world and are dominant in terms of numbers or biomass (Soares 2003) . Excirolana braziliensis is a dioecious species: embryos recruit to the adult population as juveniles or 'mancas' (Martínez & Defeo 2006) . It is an active swimmer and shows burrowing optima in a wide range of grain sizes (Yannicelli et al. 2002) .
Data
Our database included information on the occurrence and abundance of E. braziliensis and grain sizes from Atlantic (n = 105) and Pacific (n = 77) sandy beaches. Using Scopus, JSTOR and Google Scholar search engines, we compiled information on species abundance and occurrence along with environmental variables. Unpublished data from Uruguayan sandy beaches were also integrated into the database. The data covered the period from 1972 to date (see Table S2 in the Supplement at www.int-res.com/articles/suppl/m583p137_supp.pdf). We approximated abundance data from graphics (N ava & Severyn 2010) only in 2 cases. When monthly or seasonal surveys were present in the data sources, the species pool collected across all samples reported was used to provide only 1 estimate for each beach.
Testing the ACH
We analysed the geographic patterns of abundance of E. braziliensis separately for Atlantic (n = 77) and Pacific (n = 62) beaches. Large-scale varia-tions in abundance were assessed in terms of density (ind. m −2 ) because most data in the literature were expressed in this unit. When more than one estimate was available for the same beach, a mean value was computed. Relative densities (RDs) were estimated by dividing the densities by the maximum value observed in the geographic range. Geographical positions were standardised by the expression
, where RI is the range index, L is the latitude, S is the latitudinal midpoint, and R is the total range of the species (Sagarin & Gaines 2002a) . RI ranges from −1 to 1, with values close to zero indicating that the site is located near the centre of the range and values close to −1 and 1 indicating that the site is near the southern and northern range limits, respectively.
The distribution of abundance along the species' geographic range was contrasted with 5 biogeographical models that encompass theoretical expectations and previously reported patterns (Sagarin & Gaines 2002b , Fenberg & Rivadeneira 2011 ). These models were (1) a normal distribution; (2) an inverse quadratic distribution, which assumes that the maximum abundance is reached symmetrically at the centre of the distribution and that abundance decline gradually towards the edges; (3) the abundant edge dis tribution, which predicts maximum abundances at the 2 edges of the range and minimum densities at the centre; and (4 & 5) ramped northern and southern distributions, which assume that abundance declines from one range limit to the other, with intermediate abundance at the centre of the range. We also considered (6) a null model of constant abundance across the geographical distribution of the species.
The goodness of fit of each model to the observed data was evaluated by calculating the residual sum of squared deviations (RSS) for sites exceeding the constraint boundary generated by each model (Sagarin & Gaines 2002b) . Small values of RSS indicate a good fit between the model and the observed data. The significance of the observed RSS values was evaluated by generating 1000 randomized values of RI and relative abundance. The fit of the model was considered significant when the observed RSS value was lower than the 5 th percentile of the randomised distribution. The degree of support for each model was evaluated by calculating Akaike's information criterion (AIC), and all models with Akaike weights (AIC w ) > 0.25 were selected. Analyses were carried out using a script in R v.2.11 (R Development Core Team 2007) written by Fenberg & Rivadeneira (2011) .
Predictive species distribution modelling
A PSDM was built using Maxent v.3.4.1 software (Phillips et al. 2017 ; https://biodiversityinformatics. amnh. org/ open_source/maxent/). The environmental layers used for modelling were mean annual estimates of primary production (mg C m
), salinity, sea surface temperature (°C), its SD and tidal range. All variables were obtained from the AquaMaps environmental dataset with a 0.5° grid cell resolution (Kaschner et al. 2008) , except for tidal range, which was obtained from OSU Tidal Data Inversion with a 0.25° grid cell resolution (Egbert & Erofeeva 2002) . The AquaMaps dataset was also used to analyse other invertebrate coastal species' distributions, including sandy beach ecosystems (Hermosilla et al. 2011 , Lee & Riberos 2011 , Barboza & Defeo 2015 . The distribution model was built using presence data of E. braziliensis along its geographical distribution and 10 005 background points, using 50% of the localities for training, and the remaining 50% for model testing. Presence records from beaches < 0.5° distant in latitude or longitude were considered redundant and removed from the analysis. The final screening reduced our dataset from 182 to 70 sandy beach locations; 36 from the Pacific Ocean and 34 from the Atlantic Ocean. The 10 th percentile training presence logistic threshold was used, which provided the minimum requirements for the species' climate preferences. The output format is Cloglog, and model performance was measured by the average area under the curve (AUC) ± SD; AUC ranges between 0 and 1 (maximum) (Phillips et al. 2017) . Spatial autocorrelation was examined considering all environmental variables for each sampling point based on Moran's I index and using the distance criterion included in the Spatial Analysis in Macroecology v.1.1 (SAM) software (Rangel et al. 2006 ). The percentage contribution of each variable to the final model was retained. Auxiliary estimates of the contributions of each variable to the final model were provided by jackknife tests (Phillips et al. 2006 ).
Habitat availability
We measured the amount of sandy beach habitat present throughout (and beyond) the geographic range of E. braziliensis using Google Earth v.6.0.3.2197, following Fenberg & Rivadeneira (2011) . We traced the contours of the Atlantic coast from 42°00' S (Peninsula Valdez, Argentina) to 36°27' N (North Carolina, USA) and the Pacific coast from 48°37' S (Isla Cam-pana, Chile) to 34°46' N (California, USA) in cumulative, 400 km sections at a constant elevation of 500 m. Within each section, we measured the amount of coastline that consisted of sandy beach habitat by summing each stretch and calculating the percentage of suitable habitat per section. N atural gaps of sandy beaches were also measured in each section as rocky shores, estuaries, mangroves/swamps/ marshes/ forest patches and anthropogenic infrastructure.
Grain size
Data on sand grain size for each beach was obtained (see references in Table S2 ) and standardised to mm. We estimated the frequency of occurrence for each grain size class as defined by Wentworth (1922) as follows: very fine (0.063-0.125 mm), fine (0.125-0.250 mm), medium (0.250-0.500 mm) and coarse (0.500-1 mm). We also analysed geographic variation in grain size across the distributional range of E. braziliensis. To analyse the abundance−grain size relationship for each ocean, we modelled the upper boundaries of abundance for each grain size class, determining a constraint envelope pattern (CEP; sensu Caddy & Defeo 2003) . This procedure involves dividing grain size into intervals of equal length (0.1 mm) and recording the maximum value of the response variable (abundance) for each interval. Then, the relationship defined by the points of the upper boundary is visualised through a simple scatter plot, and the appropriate model is fitted. The upper limit corresponds to optimal combinations of grain size and abundance, whereas values within this 'envelope' represent a wide range of suboptimal conditions.
RESULTS
In the Atlantic Ocean, Excirolana braziliensis showed an asymmetric geographic distribution covering 56° in latitude (Fig. 1) . The northernmost site was Progreso (Yucatan, Mexico: 21°16' N, 89°49' W), the southernmost site was Manantiales (Maldonado, Uruguay: 34°50' S, 54°50' W), and the centre of the range was at Lucena, Paraíba, Brazil (6°52' S, 34°54' W) (Fig. 1) . In the Pacific Ocean, there was also an asymmetric distribution covering ca. 73° in latitude and 3 biogeographic provinces (Fig. 1) . The northernmost site was Puerto Peñasco, México (31°18' N , 113°37' W) in the Gulf of California, and the southernmost site was at Chiloe Island, Chile (41°53' S, 74°00' W). The centre of the range was at Tortuga Beach, Piura, Peru (5°16' S, 81°18' W) (Fig. 1) .
Geographic patterns of abundance and distribution models
Abundance patterns in the Atlantic Ocean followed the abundance edge model, which showed the lowest RSS value and the best fit, denoted by an AIC w value close to 1 (see Table S1 in the Supplement at www.int-res.com/articles/suppl/m583p137_ supp.pdf). The highest abundance in the Southern Atlantic was registered at Praia do Pontal Beach in Rio de Janeiro (Brazil) (350 ind. m ). From 1°S to 10°N (ca. 2800 km of coastline), no information on isopod occurrence was found.
The Maxent model for E. braziliensis showed an AUC ± SD of 0.922 ± 0.019. Primary production presented the largest contribution to the model (73.4%), followed by sea surface temperature (20.7%). Tidal range, the SD of temperature and salinity contributed 4.5, 1.3 and 0.1%, respectively. The contribution of all predictors based on jackknife procedures was congruent with previous values (see Fig.  S1 in the Supplement). The predicted occurrence of E. brazil iensis for the Atlantic Ocean was consistent with literature reports (Fig. 1) . The model predicted very low suitability in the following 3 zones: the southern limit in Uruguay and the Rio de la Plata estuary (35°S); from 12°S up to São Luis River (ca. 2°S, Fig. 1) , which included the centre of the range, 7°S; and from 19 to 26°N in the Gulf of Mexico (Fig. 1) .
The inverse quadratic model best explained largescale isopod patterns in the Pacific Ocean (Fig. 2 , Table S1 in the Supplement). The highest abundance was registered in N aos Island, Panama (8°55' N , 79°32' W), with 2147 ind. m The PSDM model for Pacific beaches showed a continuous distribution from 20°S to Punta Eugenia, Mexico (27°51' N, 115°04' W) (see Fig. 1 ). The highest suitability values (0.7 and 1) were predicted from Los Frailes, Ecuador (1°30' N) to Topolobampo Bay in the Gulf of California, Mexico (25°34' N, 109°10' W). A gradual decrease was predicted southwards from 20°S, suggesting that the southernmost limit of E. braziliensis in the Pacific Ocean occurs at Chiloe Island, Chile (41°53' S, 74°00' W).
Habitat availability
The Atlantic coastline covers 21 600 km and spans 4 biogeographic provinces according to Spalding et al. (2007) , and it included 13 900 km of E. braziliensis distribution. Sandy beaches represented 56% (12 300 km) of the coastline. Mangroves, swamps, marshes and forest patches together made up 21% of the coastline, and estuaries, rocky shores and reefs represented 12, 7 and 1.6% of the coastline, respectively. Anthropogenic infrastructure represented 2% of the total. The analysis of habitat availability for E. braziliensis showed that marshes (100 km) at Samborombon Bay and the Rio de la Plata estuary constitute a physical barrier of 195 km (Fig. 3) . In the range between 0 and 10°N (Amazon River to southern Venezuela) (7 bins = 2800 km), oceanic beaches composed only 7% of the total coastline (Fig. 3) . In the Gulf of Mexico, swamps and marsh stretches began to prevail north of 30°N (Galveston Bay, USA) along the coastline, interspersed with sandy barrier islands. Three physical barriers to isopod dispersal were apparent along the US coastline: the longshore currents convergence zone in Big Shell beach on Padre Island (27°N ; McGowen et al. 1977) , the Mississippi and Atchafalaya River System (> 200 km of coastline), and salt marshes and mangroves (600 km) from the Ocholocknee River mouth to Key Biscayne, Florida (Fig. 1) . Northwards, sandy beaches prevailed (>85%) through 3200 km of coastline.
The Pacific coastline traced 21 462 km along 5 biogeographic provinces and included 18 017 km of E. braziliensis distribution. Sandy beaches (45%) and rocky shores (44%) were the most prevalent habitats. Mangroves, swamps, marshes and forest patches composed 5% of the coastline, and estuaries and anthropogenic infrastructure composed 5 and 1% of coastline, respectively. The Pacific coast consists of an interspersed mosaic of sandy beaches and rocky shores. Literature reports and the present analysis predicted that Chiloe Island (see Fig. 1 ) might be the species' southernmost border. Southwards, fjords with rocky intertidal habitats and estuaries became prevalent along 500 km (Fig. 3) . From 30 to 24°S, sandy beaches sporadically occurred (MejillonesCoquimbo, 12.3%; Figs. 1 & 3) . From 24°S to the northern limit registered for E. braziliensis in the Pacific Ocean (Cabo San Lucas, Mexico; Fig. 1 ) and northwards to California (35°N), sandy shores were well represented (Fig. 3) . This result suggests that habitat availability did not play a role in determining the northernmost limit of the species' distribution in the Pacific Ocean.
Relationship between E. braziliensis and sediment
E. braziliensis inhabited the supralittoral and upper mesolittoral zones of protected and exposed sandy (Table 1 ). In the Pacific Ocean, the species mainly occurred in beaches with fine sand (67%; Table 1 ). The highest occurrence of E. braziliensis in the Atlantic Ocean was found on beaches with medium grain size (40%), followed by fine-and coarse-sand beaches. All of the grain sizes of beaches in which E. braziliensis was present were well represented with the species' widespread distribution among Atlantic and Pacific beaches (see Fig. S2 in the Supplement). In the Atlantic Ocean, the CEP that joined the highest abundances at each grain size (i.e. optimal environmental conditions) was fitted with a negative linear function (abundance = 451.3 − 425.4 × grain size; R 2 = 0.86, p < 0.01). This relationship indicated that isopod abundance was highest for fine grains close to 0.20 mm in size and lowest for coarse sediments; in the latter, the differences between optimal and suboptimal conditions were reduced (Fig. 4a) . In (Fig. 4b) . Large differences between optimal and suboptimal conditions were found at this range size, whereas small differences were found in sediments of very fine and medium grain sizes.
DISCUSSION
Abundance patterns of Excirolana braziliensis across its whole geographic range on Atlantic and Pacific sandy beaches of the Americas provided partial support for the ACH. In the Pacific Ocean, the highest abundances were observed at the range centre, but the opposite pattern was found in the Atlantic Ocean. These contrasting patterns might be explained by the different geological histories that determine the very dissimilar configuration of Atlantic and Pacific coastlines of the Americas (Kellogg & Mohriak 2001 , Mann et al. 2007 ), which in turn defines marked betweenocean differences in habitat availability. Indeed, abundance in the Atlantic closely followed trends in habitat availability and suitability and thereby deviated from the pattern predicted by the ACH. However, habitat suitability in the Pacific peaked at intermediate locations of the species' range, and the ACH holds. Therefore, local conditions of habitat quality and morphodynamics sig nificantly contribute to the geographic pattern. In the Atlantic Ocean, the highest abundance and predicted habitat suitability were located in 2 zones with high primary production due to coastal upwelling in the summer (see Fig. 1 . Both zones also have high water temperature (24.71 and 26.44°C, respectively). In the Pacific Ocean, the highest isopod abundances also occurred in 2 areas with high primary production and upwelling towards the centre of the range (Fig. 2b) : Peru (Llanillo et al. 2012) and Panama (D'Croz & O'Dea 2007) , which also have high sea surface temperatures (20.46 and 27.77°C, respectively) . Considering that similar suitability conditions can be found from the Gulf of Tehuantepec, Papagayo and Nicoya in Pacific Central America (Gocke et al. 2001 , López-Calderón et al. 2006 , Tapia-Garcia et al. 2007 , these zones could also hold high abundances of this species.
The predicted occurrence of E. braziliensis was consistent with literature reports, except for the Caribbean islands, where Maxent seemed not to include them in the analysis. The highest probabilities of occurrence concurred with areas of high abundance. Overestimated areas (e.g. Atlantic coast of the USA) could be interpreted as potential areas that are not occupied by the species due to dispersal limitations (Guisan & Zimmermann 2000 , Valle et al. 2014 ). Refinement models for intertidal species could be obtained including habitat availability and variations in local habitat (e.g. morphodynamics in sandy beaches or protected or exposed habitats in rocky shores).
Sandy beaches are physically (tidal and/or wave) dominated systems where swash conditions play a central role in determining species richness and abundance (Defeo & McLachlan 2005) . The hard swash (waves break directly on the beach surface) excludes many intertidal species from reflective beaches, which are characterized by a low number of species, particularly in the supralittoral zone (McLachlan et al. 1995) . The highest abundances of E. braziliensis occurred in beaches with fine sediments (< 0.25 mm) and different tidal regimes: macro tidal (Panama), mesotidal (Peru) and microtidal (Rio de Janeiro, Brazil). However, southwards from Rio de Janeiro, high isopod densities were found at intermediate and reflective beaches (i.e. beaches with minimal waveenergy dissipation) with coarse sediments (Defeo et al. 1997 , this study) and low local net primary production (Lercari et al. 2010) . Therefore, other mechanisms are likely contributing to the geographic trends in E. braziliensis abundance. One possible influence is the lack of a 'safety zone' in microtidal dissipative beaches. These beaches lie very close to the South Atlantic storm belt (Vera et al. 2001) and are thus fully exposed to storm surges (Guimaraes et al. 2014) , barometric tides and wind-driven surf (Parise et al. 2009 , Calliari et al. 2010 , Ortega et al. 2013 . This exposure makes the supralitoral fringe an un predictable and harsh environment, which precludes the existence of E. braziliensis populations (Defeo & Martínez 2003) . This detrimental environmental effect in beaches with fine sand might be magnified by competition with Excirolana armata, which is a better swimmer than E. braziliensis and shows high substrate specificity for fine-grain sand (Defeo et al. 1997 , Yannicelli et al. 2002 .
Range limits in both oceans were congruent with biogeographic province boundaries (vanishing at definite points in space) due to the combined effects of habitat availability, surface currents and physiological constraints defined by temperature. The low abundance of the species at the central part of its range in the Atlantic Ocean might also reflect such effects. In the Gulf of Mexico, with northward currents (Expósito-Díaz et al. 2009 ) up to Mexico and high habitat availability (Fig. 3) , the alongshore currents convergence zone located in Big Shell beach on Padre Island, Texas, USA (McGowen et al. 1977 ) sets the northern limit of the species (Fig. 1 ) (Tropical NW Atlantic province limit). Shelton & Robertson (1981) indicated that cirolanid isopods were replaced by haustoriid amphipods in the Warm Temperate N W Atlantic province and above. In the Atlantic centre range, the sediment discharge of the Amazon and Orinoco Rivers (N orth Brazil Shelf province; Spalding et al. 2007 ) largely eliminates sandy beaches and forms the longest muddy coast in the world (Warne et al. 2002 , Anthony et al. 2010 . Between 2 and 22°S, low abundances of E. braziliensis might be due to low primary production (N orth Brazil current) and the scarcity of dissipative beaches (Soares 2003) . The southern edge of the range lies where the Río de la Plata estuary joins the marshes of Samborombon Bay, which constitute a physical barrier to dispersal. Moreover, the Uruguayan shelf is characterized by the strong influence of the diluted waters of the Río de la Plata and the convergence of shelf water masses advected by the Brazil and Malvinas Currents (Lima et al. 1996 , Ortega & Martínez 2007 , constituting a 2-way flow-mediated range boundary (Gaylord & Gaines 2000) for E. braziliensis.
In the Pacific Ocean, sandy beaches are well represented northwards from Cabo San Lucas up to 30°N (see Fig. 1 ). Considering that the cold temperate water of the California Current occurs north of Punta Eugenia (28°N, Fig. 1) (Durazo et al. 2010) , the zone between this point and Cabo San Lucas likely represents the northern limit of E. braziliensis in the Pacific Ocean. This current constitutes a 1-way (alongshore) flow-mediated boundary (Gaylord & Gaines 2000) . Moreover, Hayden & Dolan (1976) reported the beginning of a transition zone of fauna at 30°N by analysing geographic ranges of 968 marine species. The following 3 concurrent effects might explain the southern limit of the species in Chiloe Island, Chile (Warm Temperate SE Pacific province limit): (1) a diverging 2-way boundary limiting dispersal (Gaylord & Gaines 2000) between the Peru−Chile Coastal Current and the Cabo de Hornos Current (Fig. 1) ; (2) a lack of habitat availability, with a decline in sandy beaches to 0% due to Golfo de Corcovados and fjords (Fig. 2b) ; and (3) physiological stress, with the coldest mean annual temperature within the species' distribution in both oceans being registered at this location (mean ± SD = 12.15 ± 1.75°C).
An alternative interpretation of the discontinuous distribution in the Atlantic is the existence of cryptic species. Recent findings in Chile (Varela 2008) , Panama (Spooner & Lessios 2009 ) and Uruguay (Tourinho et al. 2016) suggest that E. braziliensis might be a complex of species. Furthermore, Va rela (2008) showed that the congeneric E. hirsuticauda in Chile is also in the process of incipient speciation. These findings highlight the need for phylogeographic studies of the Genus Excirolana in the Americas (8 species). The direct development mode of the genus might significantly reduce gene flow among populations (particularly distant ones), promoting speciation even with low ecological divergence. If E. braziliensis actually represents multiple species, the biogeographical considerations presented above are equally valid at this aggregated level. However, the relationship be tween trends in abundances and geographic limits, with species turn over and interactions, can only be elucidated once the taxonomy of the genus is fully resolved.
In summary, abundance patterns of E. braziliensis showed opposite trends between oceans. Deviations or congruence with ACH expectations might be accounted for by the trends in the mechanisms that support the ACH, e.g. habitat suitability, habitat availability and local beach morphodynamics. Both local and global trends in abundance were identified as interrelated phenomena, with main drivers operating at each scale but with a mutual influence that could not be determined from local or regional analyses. Our findings suggest that the abundance patterns of E. braziliensis appear to be more re lated to an environmental niche centre than to a geographic range centre. The highest abundances, which were registered in upwelling areas, high water temperatures and in dissipative beaches (fine grains, flat slopes and high local primary production), indicate the combined effects of regional and local conditions over geographic location. These findings are in agreement with a recent continental-scale analysis of aggregate patterns of macrofaunal diversity for sandy beaches in both South American ocean coasts (Defeo et al. 2017) . Therefore, our results reinforce the importance of conducting a systematic analysis of main theoretical predictions and associated auxiliary hypotheses as a mandatory step for the construction of a robust biogeographic theory.
